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(57) ABSTRACT

A method of fabricating a non-volatile memory device, A
tunnel isulating layer, a floating gate, and a pad nitride layer
1s formed on a semiconductor substrate. A 1solation region of
the semiconductor substrate 1s formed by etching to a prede-
termined depth, and a liner insulating layer 1s formed on an
entire surface of the resulting trench for device 1solation. A
filling insulation layer 1s formed on the liner insulating layer
to 11ll the trench and a first etching process 1s performed on the
filling 1nsulation layer and the liner insulating layer. The
surface of semiconductor 1s recessed by performing a second
ctching process on the filling insulation layer. A capping layer
1s formed on an entire surface of the result formed by the
second etching process. The device 1solation layer of a con-

6,222,225 B1* 4/2001 Nakamuraetal. .......... 257/315 cave shape 1s formed by performing an etching process on the
6,228,727 B1* 5/2001 Limetal. ..oooooveeven..... 438296  capping layer.
7,084,031 B2 8/2006 Lee
7,211,484 B2 5/2007 Lee et al. 20 Claims, 5 Drawing Sheets
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METHOD OF FABRICATING NON-VOLATILE
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

Priority to Korean patent application number 10-2007-
0141027, filed on Dec. 28, 2007, the disclosure of which 1s
incorporated by reference 1n its entirety, 1s claimed.

BACKGROUND OF THE INVENTION

The invention relates to a method of fabricating a semicon-
ductor device and, more particularly, to a method of fabricat-
ing a non-volatile memory device.

When a non-volatile memory device, e.g., a tlash memory
device, has a minimum line width of less than approximately
100 nm, interference phenomena between mutually adjacent
unit cells become more problematic. During data program,
erase, and read operations, interference phenomena of flash
memory devices Irequently. Interference phenomena
between tloating gates (FGs) and between a control gate (CG)
and a channel on a substrate make up a large percentage of
various 1nterference phenomena of such semiconductor
devices. Due to these interference phenomena, there are limi-
tations to improvements 1n the degree of integration for an
ultrafine flash memory device.

To overcome these limitations, a method of fabricating a
trench device 1solation layer has attracted much interest; this
method takes advantage of a self aligned-shallow trench 1so-
lation (SA-STI) technique. Moreover, to enhance filling char-
acteristics, a method of using a spin on dielectric (SOD) layer
as a trench filling 1nsulation layer 1s being noted with great
interest. According to the SA-STI technique, after forming a
tunnel oxide layer on a substrate 1n order to expose a device
1solation region of the substrate and also a pattern of a floating
gate electrode layer, the exposed portion of the substrate 1s
etched 1n order to allow a trench for device 1solation to be
aligned on the floating gate electrode pattern. Next, the trench
1s filled with the filling insulation layer to form a trench device
isolation layer.

Although an SA-STT structure may be useful 1n increasing
the degree of integration of a device, interference phenomena
still occur. For example, when forming a device isolation
layer through the SA-STI technique, the following limitations
may arise. If the effective field height (EFH) of a formed
device 1solation layer 1s too high, interference phenomena
occur between adjacent floating gate electrodes. Ifthe EFH of
the device 1solation layer 1s too low, interference phenomena
also arise because an interval between a control gate electrode
and a channel region 1n a semiconductor substrate becomes
closer. On the other hand, when the SOD layer 1s used as a
trench filling insulation layer, 1t 1s advantageous for filling the
narrowed 1nside of a trench. However, the surface of a SOD
insulating layer may be exposed during subsequent pro-
cesses. In this case, due to vulnerable wet etching character-
istics of the SOD layer, loss of the exposed SOD layer during
the subsequent processes may occur. Consequently, reliabil-
ity of a device can be deteriorated.

SUMMARY OF THE INVENTION

The invention 1s directed to a method of fabricating a
non-volatile memory device.

In one embodiment, a method of fabricating a non-volatile
memory device includes: sequentially forming a tunnel insu-
lating layer, a floating gate, and a pad nitride layer on a
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semiconductor substrate; forming an opening to expose a
device 1solation region of the semiconductor substrate by
patterning the pad nitride layer, the floating gate, and the
tunnel 1insulating layer; forming a trench for device 1solation
by etching the exposed portion of the semiconductor sub-
strate to a predetermined depth; forming a liner insulating
layer on an entire surface of the resulting trench for device
1solation; forming a filling imnsulation layer on the liner 1nsu-
lating layer to fill the trench; performing a first etching pro-
cess on the filling nsulation layer and the liner msulating
layer to allow top surfaces of the filling insulation layer and
the liner isulating layer to be disposed higher than a bottom
surface of the patterned floating gate; performing a second
ctching process on the filling 1nsulation layer and the liner
insulating layer to allow the top surtace of the filling insula-
tion layer to be disposed below the surface of the semicon-
ductor substrate and the top surface of the liner msulating
layer to be disposed above the surface of the semiconductor
substrate; filling the trench on the filling mnsulation layer to
form a first capping layer and a second capping layer, the first
capping layer being disposed parallel to the tunnel insulating
layer and recessed to have a concave shape, the second cap-
ping layer being disposed on the liner mnsulating layer to
contact a bottom side of the floating gate; forming a gate
insulating layer on the first capping layer, the second capping
layer, and the floating gate; and forming a control gate on the
gate isulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 9 illustrate a method of fabricating a non-
volatile memory device according to the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Hereinaiter, amethod of fabricating a non-volatile memory
device 1n accordance with the invention i1s described 1n detail
with reference to the accompanying drawings.

Referring to FIG. 1, a tunnel insulating layer 212 and an
clectrode layer 222 for a floating gate are sequentially stacked
on a semiconductor substrate 200. A pad nitride pattern 230 as
a hard mask 1s formed on the electrode layer 222 for a floating
gate. The tunnel mnsulating layer 212 preferably comprises an
oxide layer or a high-k dielectric layer, and the electrode layer
222 for a floating gate preferably comprises a doped polysili-
con layer.

Referring to FI1G. 2, by using the pad nitride pattern 230 as
an etching mask, the exposed portions of the electrode layer
222 of FIG. 1 for a floating gate and the tunnel insulating layer
212 of FIG. 1 are sequentially etched. A tunnel insulating
pattern 210 and an electrode pattern 220 for a floating gate are
formed to expose a device 1solation region of the semicon-
ductor substrate 200 through this etching process. Then, the
device 1solation region of the semiconductor substrate 200 1s
ctched at a predetermined depth to form a trench 201.

Referring to FIG. 3, a sidewall oxide layer 240 1s formed
with a predetermined thickness, preferably by performing a
thermal oxidation process on the inner wall of the trench 201.
When the electrode layer 222 for a tfloating gate comprises a
polysilicon layer, the sidewall oxide layer 240 1s formed on a
sidewall of the pad nitride pattern 230. Next, a liner insulating
layer 250 1s formed on the sidewall oxide layer 240, the pad
nitride pattern 230, and the tunnel insulating pattern 210. The
liner insulating layer 250 1s preferably formed using a chemi-
cal vapor deposition (CVD) method, an atomic layer deposi-
tion (ALD)method, or an O,-ozone-tetra-ethyl-ortho-silicate
(TEOS) method. At this point, a silicon source preferably



US 7,888,208 B2

3

comprises silane (S1H,), dichlorosilane (S1C1,H,), disilane
(S1,H,) or TEOS. An oxygen source preterably comprises
O,, O,, or N,O, Next, a spin on dielectric (SOD) layer 260 1s
coated on the resultant structure having the liner insulating
layer 250 to {ill the trench 201. The SOD layer 260 1s prefer-
ably formed using per-hydropoly-silazane, hydro-silsesqui-
oxane, or silicate. After forming the SOD layer 260, the
remaining solvent 1in the SOD layer 260 1s removed, prefer-
ably through a baking process. Additionally, the SOD layer
260 itself becomes densified through a thermal treatment
process. The baking process for the SOD layer 260 1s prefer-
ably performed on a hot plate or 1n an oven, preferably at a
temperature between approximately 50° C. and approxi-
mately 350° C. The thermal treatment process for the SOD
layer 260 1s preferably performed at a temperature between
approximately 300° C. and approximately 750° C., prefer-
ably under one atmosphere of a gas selected from the group
consisting of H,, O,, H,O, N,, and combinations thereof.
Next, a planarization process, €.g., chemical mechanical pol-
ishing (CMP), 1s performed on the densified SOD layer to
expose the top surface of the pad nitride pattern 230.

Referring to FIG. 4, a wet etching process, preferably using
a phosphoric acid solution (H,PO_ +H,O) 1s performed to
remove the pad nitride pattern 230 of FIG. 3. Next, although
the sidewall oxide layer 240, the liner insulating layer 2350,
and the SOD layer 260 are partially removed through a dry
etching process, the remaining top surface of the SOD insu-
lating layer 260 1s formed to be disposed higher than the
bottom surface of the electrode pattern 220 for a gate. This dry
ctching process 1s preferably performed using a vapor gas
mixed with HF and NH_F or plasma. When the liner imnsulat-
ing layer 250 includes an oxide layer, there i1s almost no
ctching selectivity between the sidewall oxide layer 240, the
liner msulating layer 250, and the SOD layer 260 during the
dry etching process, and results of the above layers 240, 250,
and 260 have the almost same thickness.

Referring to FI1G. 3, after the drying etching process, a wet
etching process 1s performed on the sidewall oxide layer 240,
the liner insulating layer 250, and the SOD layer 260. This
wet etching process 1s preferably performed using a HF solu-
tion diluted with NH_F or H,O as an etchant. The SOD layer
260 has a different etch rate than other oxide layer during a
wet etching process unlike a dry etching process. That 1s,
during a wet etching process, the SOD layer 260 has a rela-
tively higher etch rate than the liner msulating layer 2350
including an oxide layer. Accordingly, after the wet etching
process, the remaining top surface of the SOD layer 260 1s
disposed lower than the top surface of the liner msulating
layer 250. Especially, the top surface of the SOD layer 260 1s
disposed below a dotted horizontal line B 1n FIG. 5, which 1s
etched during a subsequent process, e.g., a cell contact hole
process. Accordingly, the SOD layer 260 1s not affected by an
etching process for forming a subsequent cell contact hole.
For example, m order to prevent the SOD layer 260 from
being affected by an etching process for a subsequent cell
contact cell, the SOD layer 260 1s removed through the wet
etching process to be below a dotted line A of the semicon-
ductor substrate 200, preferably by a thickness between
approximately 400 A and approximately 2000 A.

Referring to FIG. 6, a capping layer 270 1s formed to fill an
empty space in the trench formed when a portion of the SOD
layer 26 1s removed during the dry etching process, and to
surround the electrode pattern 220 for a floating gate. The
capping layer 270 1s preferably formed using CVD, ALD, or
O,-TEOS. For one example, the capping layer 270 includes a
s1licon-based oxide layer. In this case, a silicon source for the
capping layer 270 preferably comprises silane (S1H,,), dichlo-
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rosilane (S1C1,H,), disilane (S1,H,) or TEOS. An oxygen
source preferably comprises O,, O,, or N,O.

Referring to FIG. 7, a dry etching process 1s performed on
the capping layer 270. This dry etching process 1s performed
until the top surface of the electrode pattern 220 for a floating
gate 1s exposed. The capping layer 270 1s divided 1nto a first
capping layer 271 and a second capping layer 272 through a
dry etching process. The first capping layer 270 fills the trench
and 1s disposed on the SOD layer 260, and the second capping
layer 272 1s disposed on the side of the electrode pattern 220
for a floating gate 1n a spacer form. In this embodiment, the
top surface of the first capping layer 271 1s approximately
disposed parallel to the tunnel mnsulating layer 210 through
the dry etching process. Additionally, the edge of the liner
insulating layer 250 can be exposed during the dry etching
process, and this case can partially remove the exposed por-
tions.

Referring to FI1G. 8, a wet etching process, preferably using
a HF solution diluted with NH_F or H,O or a dry etching
process, prelerably using a vapor gas mixed with HF and
NH_F or plasma 1s performed on the first and second capping
layers 271 and 272. By using this etching process, the top
surface of the first capping layer 271 1s recessed in a concave
shape. Additionally, because the top portion of the second
capping layer 272 1s removed, only the lower portion of the
second capping layer 272 remains. Especially, the lowest
surface of the recessed portion of the first capping layer 271,
1.€., the middle portion of the structure, 1s disposed above the
surface of the semiconductor substrate 200, preferably by
approximately 300 A. During the etching process for the first
capping layer 271 and the second capping layer 272, an edge
portion of the liner insulating layer 250 may be exposed. In
this case, the exposed edge portion of the liner mnsulating
layer 250 may be etched to have a concave shape. The con-
cave recessed first capping layer 271 serves as a device 1s0-
lation layer of the SA-STI structure in addition to the SOD
layer 260. Accordingly, the top surface of the first capping
layer 271 becomes the EFH of the SA-STT structure. There-
fore, like this embodiment, the top portion of the first capping
layer 271, which constitutes the SA-STI structure together
with the SOD layer 260, 1s recessed to have a concave shape,
and to be disposed parallel to the tunnel insulating layer 201.
Interference phenomenon between adjacent floating gates
due to the higher EFH of the SA-STT structure can be pre-
vented.

Referring to FIG. 9, a dielectric layer 280 1s formed on the
entire surface. The dielectric layer 280 is preferably formed
using a member selected from the group consisting of S10,,
SixNy, Al,O,, ZrO,, HiS10,, HFAIO,, and combinations
thereof. A control gate 290 1s formed on the dielectric layer
280. The control gate 290 is preferably formed using a mem-
ber selected from the group consisting of polysilicon, WSix,
WN, W, TiN, TaN, CoSix, NiS1x, TaCN, and combinations
thereof. In FIG. 9, a line A' represents the EFH of a device
1solating layer that can be exposed by an etching process for
patterning a subsequent control gate. A line B' represents the
EFH of a device 1solating layer that can be exposed by an
etching process for forming a subsequent cell contact hole
such as a source/drain contact hole. As illustrated in the
drawings, because the first capping layer 271 1s disposed on
the SOD mnsulating layer 260, the SOD insulating layer 260 1s
not exposed during a subsequent process 1n any cases. Addi-
tionally, because the second capping layer 272 1s disposed on
the liner 1nsulating layer 250, and the concave first capping
layer 271 1s disposed on the top side of the liner imnsulating
layer 250, interval between the control gate 290 and the
channel region of the semiconductor substrate 200 can be
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adequately maintained. Therefore, interference phenomena
between the control gate 290 and the channel region can be
prevented also.

While the imnvention has been described with respect to the
specific embodiments, various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.

What 1s claimed 1s:
1. A method of fabricating a non-volatile memory device,
the method comprising:

forming a tunnel msulating layer, a floating gate, and a pad
nitride layer on a semiconductor substrate;

forming a trench for device i1solation by etching a device
1solation region of the semiconductor substrate to a pre-
determined depth;

forming a liner insulating layer on a resulting surface of the
semiconducter substrate including the trench;

filling the trench with an insulation layer on the liner insu-
lating layer to form an 1solation layer;

performing a first etching process on the 1solation layer and
the liner insulating layer;

recessing the 1solation layer and the liner insulating layer
by a second etching process, wherein the top surface of
the recessed 1solation layer 1s disposed below the surface
of the semiconductor substrate;

forming a capping layer on a surface of the result formed by
the second etching process including the recessed 1sola-
tion layer and liner isulating layer; and

forming a first capping layer at a surface of the 1solation
layer and a second capping layer at both sidewalls of the
floating gate by performing a third etching process on
the capping layer.

2. The method of claim 1, further comprising forming a

gate insulating layer on the resulting surface including the
1solation layer having a concave shape; and

forming a control gate on the gate insulating layer.

3. The method of claim 1, wherein the liner insulating layer
comprises an oxide layer.

4. The method of claim 1, wherein the 1solation layer
comprises a Spin-on-Dielectric (SOD) layer.

5. The method of claim 4, wherein the SOD layer com-
prises a member selected from the group consisting of per-
hydropoly-silazane, hydro-silsesquioxane, and silicate.

6. The method of claim 4, further comprising performing a

baking process and a thermal treatment process on the SOD
layer after forming the SOD layer.

7. The method of claim 6, comprising performing the bak-
ing process at a temperature between approximately 50° C.
and approximately 350° C., and performing the thermal treat-
ment process at a temperature between approximately 300°
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C. and approximately 750° C. under an atmosphere selected
from the group consisting ot H,, O,, H,O, N,, and combina-
tions thereof.

8. The method of claim 1, turther comprising performing a
planarization process to expose the surface of the pad nitride
layer after the filling the trench to form the 1solation layer; and
removing the exposed pad nitride layer.

9. The method of claim 1, wherein respective top surfaces
of the 1solation layer and the liner insulating layer are higher
than a bottom surface of the patterned floating gate after the
first etching process.

10. The method of claim 1, comprising performing the first
etching process using a dry etching method.

11. The method of claim 10, comprising performing the
first etching process using the dry etching method 1s per-
formed using a vapor gas mixed with HF and NH_F or
plasma.

12. The method of claim 1, wherein the top surface of the
1solation layer 1s lower than the surface of the semiconductor
substrate after the second etching process by a thickness
between approximately 400 A and approximately 2000 A.

13. The method of claim 1, further comprising performing
e second etching process to allow wherein the top surface of
e liner msulating layer to be disposed above the surface of
e semiconductor substrate 1s higher than the top surface of
ne 1solation layer after the second etching process.

14. The method of claim 1, comprising performing the
second etching process by a wet etching method.

15. The method of claim 14, comprising performing the
second etching process using the wet etching method using a
HF solution diluted with NH_F or H,O as an etchant.

16. The method of claim 1, wherein the capping layer
comprises an oxide layer.

17. The method of claim 1, wherein performing the third
ctching step comprises:

performing a fourth etching process at an exposed surface

of the first capping layer to provide the first capping
layer with a concave shape, wherein the top surface of
the first capping layer 1s parallel to the tunnel insulating
layer, and the second capping layer contacts the floating,
gate on the surface of the liner insulating layer.

18. The method of claim 1, comprising performing the
third etching process by a dry etching method.

19. The method of claim 17, comprising performing the
forth etching process by a dry etching method using a vapor
gas mixed with HF and NH_F or plasma, or a wet etching
method using a HF solution diluted with NH_F or H,O as an
etchant.

20. The method of claim 1, further comprising:

forming a wall insulating layer in the trench before the

forming the liner insulating layer.
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